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TANK TESTS OF A POWERED MODEL OF A COMPRESSION PLANE 

NACA MODEL 171A-2 

By Elmo J . Mottard and Robert D . Ruggles 
SUMMARY 


The compression plane is intended for operation on or close to 
the surface of the water, and has a hull with a concave bottom which 
forms the upper surface of a tunnel into which air is forced under 
pressure to support part of the load. 

The results of the tests made in Langley tank no . 1 include values 
of the horizontal forces, trimming moment, and static pressure in the 
tunnel for a wide range of loads and speeds and two power conditions, 
and are presented in the form of curves against speed with load as a 
parameter* The results are scaled up to 10 times the model size for 
three conditions at which the model is self-propelled at a steady speed. 

Lift is obtained from the static pressure of air in the tunnel. In 
general, the ratio of the gross load to the total resistance increases 
with increase in load and decrease in speed. This ratio varies 
between 1 .7 and 5.7 at high speeds and has a maximum value of 7 . The 
total resistance is nearly the same for both power conditions except 
at low speeds and heavy loads . No abrupt change in forces on the hull 
or flow around the hull occurs in. the region of zero draft. 

The centers of pressure are generally far aft. At the most effi- 
cient trim (l. 2 °), considerable bow-up moment would be required for 
practicable operation. 

There is no abrupt transition from the air-borne to the water- 
borne condition. 
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INTRODUCTION 


The compression plane is intended for operation on or close to the 
surface of the water and has a hull with a concave "bottom which forms 
the upper surface of a tunnel into which air is forced under pressure 
to support part of the load. Previous tests of a compression plane 
(NACA model 171) are described in reference 1. 

The Bureau of Aeronautics requested additional tests of the 
compression plane, with certain modifications desired by its inventor, 
Mr. D. K. Warner, to further evaluate the principle of operation of the 
compression plane and to supply additional infoimation on its operation 
at very shallow draft and high speed, that is, operation while skimming 
on the surface of the water. Consequently, model 171 was modified and 
tested in Langley tank no. 1 as model 171A-2. 


DESCRIPTION OF MODEL 


Model 171A-2 is shown in figures 1 and 2. The photograph of the 
model mounted on the towing gear (fig. 2(a)) was taken before the 
fairings were installed around the air scoops and towing fitting^ 
figures 2(b), 2(c), and 2(d) show the model with these fairings. 

Model 171A-2 is the result of the following modifications to 
model 171 : 

1. Plywood sides were added, which appreciably increased the height 
of the model and the depth of the tunnel, and slightly increased the 
beam and length. 

2. A plywood bottom, or closure, was installed which completely 
closed the bottom of the tunnel for a distance of about twenty inches 
behind the propellers. This forward closure, which directed the 
propeller slipstream into the tunnel, fitted closely around the pro- 
pellers so as to prevent loss of pressure . Under some conditions the 
bottom of the closure served as a forward planing surface . 

3* A planing plate was added at the rear. This plate was set at a 
greater angle with the water surface than the bottom of the original 
model. It had an airfoil-shaped upper surface which foimed the bottom 
of a slot through which air escaped from the tunnel . 

k . Variable -frequency induction motors were substituted for the 
DC -series motors formerly used, and propellers with wide blades and a 
high pitch were Installed to increase the thrust. 
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5- The towing pivot was moved forward and up to provide space for 
a moment dynamometer. 

6. In order to improve the air flow over the top of the model, the 
safety mast was moved from its location forward to a position aft of 
the towing pivot, and the scoops to supply cooling air for the motors 
were moved from the top to the sides. 


APPAEATUS AND PROCEDURE 


Langley tank no . 1 and the towing carriage are described in 
reference 2 . The model suspension and the apparatus for measuring 
forces and moments are shown diagrammatic ally in figure 3 • 

The model was tested at two power conditions corresponding to 
static thrusts of 7*3 and 12 pounds. The higher power was obtained with 
three-blade, 9“ inch-diameter (cut down from 10-inch- diameter) , 14-inch- 
pitch wooden propellers rotating at approximately 10,700 rpm- The lower 
power was obtained with three -blade, 9 “inch- diameter (cut down from 
10- inch-diameter) , 10-inch-pitch wooden propellers rotating at approxi- 
mately 11,600 rpm. The lower power condition is the same as that used 
in the tests described in reference 1. Throughout the tests the 
rotational speed of the propellers was held within limits which resulted 
in a variation in static thrust (thrust with zero forward speed) of 
less than -0.1 poimd. Power -input measurements were made on the two 
motors simultaneously over the range of speeds and loads covered by 
the tests . 

Special tests were made to determine the true propeller thrust 
(propeller- shaft tension) as a function of airspeed for negative draft 
conditions. In these tests the thrust was obtained by measuring the 
horizontal force on the entire motor assembly, which was enclosed 
within an independently supported streamline fairing and mounted on 
the towing carriage . 

As the result of preliminary tests to determine the trim for 
minimum resistance (fig* 4) , an angle, between the base line and the 
water of 1.2° was selected for the remainder of the tests. It will 
be noted that the power condition for figure 4 corresponds to 13 pounds 
static thrust instead of the usual 12 pounds for the high -power con- 
ditionj the data presented in this figure were obtained before a method 
was devised for accurately controlling the rotational speed of the 
propellers . The position of the rear planing plate shown in figure 1 
was chosen by Mr. Warner on the basis of preliminary tests (table I), 
made under his direction, in which the plate was rotated about its 
trailing edge . 

Tests of the model in the water were made by the general (constant 
load) method^ tests in the air and at shallow drafts were made with 
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constant draft. Values of lift (load), draft, trimming moment, towing 
force, and static pressures were obtained for a range of speeds and 
loads and "both power conditions. The draft was measured to the trailing 
edge of the rear planing plate . The trimming moment was measured about 
the towing pivot. (See fig. 1.) The towing force is the resultant 
horizontal force of the model as measured on the resistance dynamometer. 
The towing gear was shielded to minimize windage, and windage tares were 
deducted from all horizontal force measurements. Static pressures 
relative to the free air were measured at points along the center line 
of the tunnel by means of static -pressure tubes located in the tunnel. 
(See fig. 1.) 


RESULTS AND DISCUSSION 
Tests at Constant Load 


Towing force and draft .- With the high -power condition, an accel- 
erating force (negative towing force) is acting at all loads over most 
of the speed range. (See fig. 5(a) .) With a load of 75 pounds this 
accelerating force becomes zero at 65 feet per second. With the low- 
power condition (fig. 5 (**>))> the accelerating force is zero at a much 
lower speed. The draft is greater with the low power than with the high 
power. The towing force and draft curves of figures 5 (a) and 5(b) do 
not show any very abrupt changes in the region of zero draft; and if 
discontinuities occur in this region, they etre hidden by the scatter of 
the data . 

Static pressure in tunnel .- The static pressures (fig* 6 ) are 
generally positive except for the most forward orifice (orifice no. 1 , 
just forward of the trailing edge of the forward closure) . Where 
negative pressures occur, they decrease in magnitude with increase in 
load and increase in magnitude with increase in speed. 

Trl mining moment .- The trimming moments are shown in figures 7( a ) 
and 7(b). Moments which tend to raise the bow are considered positive. 
At high speeds the moments are negative and of considerable magnitude, 
indicating that the centers of pressure are well aft on the hull. At 
70 feet per second and 75 pounds load with the high-power condition 
(fig. 7(a)) the trimming moment is - 7 2 pound-feet j the corresponding 
center of pressure is approximately 'JO percent of the model length aft 
of the bow. Figure 4 indicates that the moment becomes more positive 
as the trim is decreased, but even at zero trim, where the load must be 
limited to 40 pounds to prevent water from entering the propeller disks, 
the center of pressure is behind the center of moments (the center of 
moments is 59 percent of the model length aft of the bow) . 
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Observations of flow and stability .- At light loads and high 
speeds, where the model does not make contact with the water, the 
roughness of the water surface produced by the propeller slipstream 
largely obscures the wake. Without power the wake is clearly dis- 
cernible, even at negative drafts of 2 or 3 inches. 

Over most of the speed and load range, air is forced out from 
under the model, carrying spray with it, so that the tunnel is not 
completely sealed by contact with the water surface . The transition 
from positive to negative draft is gradual: no abrupt change in the 

behavior of the model in the range of zero draft is apparent, and 
vertical instability of the type frequently encountered with planing 
plates at fixed trim and shallow draft (reference 3) does not occur 
with power, although it does occur without power. 

The forward closure contacts the water only at the highest load 
and very low speeds } under these conditions vertical instability with 
fixed trim is encountered, which appears to be associated with the 
alternate opening and closing of the gap between the rear edge of the 
front closure and the water surface . The model rises until the front 
closure breaks the surface, allowing air to escape from the tunnel, 
then falls, and the cycle is repeated. 


Tests at Constant Draft 

The towing force and total lift obtained from tests at constant 
draft with the high power for speeds of 30, 50, and JO feet per second 
are plotted against draft in figure 8 . The curves are extended from 
zero draft to 1-inch draft, using data obtained from tests at constant 
load, to show clearly the relationship at zero draft. Because of lack 
of sufficient lift measurements at specific speeds of 30 , 50 , and 70 feet 
per second, the curves of lift against draft are obtained from cross 
plots of lift and draft against speed. 

Neither figure 8 nor figures 5( a ) and 5 fa) show any abrupt change 
in either lift or towing force in the region of zero draft. The smooth 
transition from water to air is attributed to the fact that the water 
surface is not well defined because of the roughness caused by air 
escaping from beneath the model . 


Power 

There is no apparent variation of power input to the propeller 
motors with load or draft. (See fig* 9«) Even closing the tunnel 
bottom and slot so as to completely seal the tunnel except for the 
opening behind the propellers has no appreciable effect on the power 
input . 
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The power-input curves give a misleading impression of the power 
required for the compression plane "because the efficiencies of the 
motors and propellers are much lower than the efficiencies usually 
associated with electric motors and aircraft propellers . 

The curves of propeller -shaft tension against speed (fig. 10) for 
the two power conditions afford a means of determining the operational 
thrust coefficients and thence, from the data of reference 4, of 
estimating propeller efficiencies and power requirements for an optimum 
installation. The maximum efficiencies indicated from reference 4, and 
the corresponding power input to the propellers, determined as 


Thrust horsepower _ VT 

Propeller efficiency 550 X propeller efficiency 


where 

T thrust (propeller -shaft tension), pounds 

V forward velocity, feet per second 

are presented in table II for model data at three test conditions of 
zero towing force . . The three conditions are marked A, B, and C in 
figures 5(a) and 5(h) . 

As evidence that these propeller efficiencies are approximately 
as high as can he reasonably expected for these thrust coefficients, 
the ideal efficiencies are also included in the table for comparison. 
The ideal efficiency is obtained from the following relations 
(reference 5> PP* 203 and 204) : 


Ideal efficiency = — 1 — 

1 + a 


where 


1 + 2a 



Crp — 


pV 2 D 2 


T 


P 


thrust (propeller-shaft tension) , pounds 
density of air, slugs per cubic foot 
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V forward velocity, feet per second 

D diameter of propeller, feet 


Resistance 

The total resistance, which is composed of the frictional and wave- 
making resistance of the water and the aerodynamic resistance, including 
the effect of the propeller slipstream (in short, the sum of all forces 
opposing forward motion) , is related to the thrust and towing force as 
follows : 


Total resistance = Towing force + thrust 


where the thrust is the propeller- shaft tension at the test condition. 
The total resistance, as a function of speed, presented in figures 11 (a), 
ll(h), and 12, is the sum of the towing force, figures 5(a) and 5(h), 
and the thrust, figure 10, and is therefore based upon the assumption 
that the thrust presented in figure 10 is the same as that at the actual 
test condition. 

The total resistance is plotted against speed in figures 11 (a) 
and ll(b) together with the corresponding load-resistance ratio A^Rtp. 

In general, the ratio increases with increase in load and decrease in 
speed. If speeds below 15 feet per second are not considered, the 
maxi mum ratio of 7 occurs with a load of 60 pounds at 33 feet per second 
with the high-power condition. 

At the highest speed tested, 70 feet per second, the ratio varies 
from 1.7 to 5*7> depending on the load. Figure 12, where the total 
resistances and drafts for the high- and low-power conditions are 
compared, shows that the total resistance is nearly the same for both 
power conditions, except at low speeds and heavy loads. 


Extrapolation to Full Size 

The only known method of extrapolating the results from the model 
tests of the compression plane to larger sizes and higher speeds is 
afforded by Froude f s Law of Comparison for geometrically similar bodies. 
An explanation of Froude ! s Law and its application to model testing may 
be found in chapter 3-1 of reference 6 and other classic literature on 
the principles of similitude. If Reynolds number and other effects 
are neglected, the physical quantities of interest in the performance 
of the compression plane are related to its linear dimensions 
(reference 6) as follows: 
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Length. .......... 

Linear velocity 

Force, resistance, or weight 
Work, energy, or torque . . 

Power . 

Pressure per unit area . . 

It follows that hy substituting X, the ratio of full-size length to 
model length, for L, the factors for converting the data from the model 
tests to a geometrically similar compression plane are obtained. 

By means of these conversion factors, model data for the three 
zero-towing-force test conditions of table II have been converted to 
correspond to hulls of ten times the model size, operating at maximum , 
speed with the scale thrust. These full-scale characteristics are shown, 
together with model data, in table II. For example, at condition A the 
gross load and speed for the model (fig. 5( a )) sure 75 pounds and 65 fpsj 
the thrust, obtained from .figure 10, is 12.8 pounds } the propeller 
efficiency, estimated from reference 4, is 57 percent; and the power 
input, obtained from the relation. 



Power input = 


7T 

55O x propeller efficiency 


is 2.65 horsepower. Assuming a model scale l/X of one- tenth and 
applying Froude's Law, it appears that at condition A a design 
( geometrically similar to the model) with a length of 92 feet, a beam 
of 9-2 feet, and a gross load of 75*000 pounds would require 8,480 horse- 
power for a maximum speed of 206 fps (l40 mph) • 

The foregoing method of scaling the data yields values for the 
various full-size physical quantities (length, width, power, etc.) which 
are definitely related to each other and to the corresponding physical 
quantities of the model. No rigorous method is apparent whereby the 
physical quantities may be scaled independently of each other or 
according to any relationships other than those used. For example, the 
performance of a compression plane having length -beam ratio different 
from that of the model could not be determined from these data. 
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CONCLUDING REMARKS 


Lift is obtained from the static pressure of air in the tunnel 
over a large range of loads . 

Except at heavy loads and low speeds, the total resistance iB 
nearly the same for "both power conditions, and the gross-load total- 
resistance ratio A^Rp increases with increase in load and decrease 

in speed. The gross-load total-resistance ratio varies between 1.7 
and 5.7 at the highest speed, 70 feet per second, and has a maxi mum 
value of 7 at 33 feet per second with a load of 60 pounds at the high- 
power condition. 

Centers of pressure are for the most part aft of the center of 
moments (the center of moments is 59 percent of the model length aft 
of the how) . Considerable bow-up moment would be required to balance 
the model at its most efficient trim. Optimum performance is obtained 
at a trim of 1 .2° . At lower trims the towing force is slightly higher 
indicating higher resistance, and the load capacity of the model is 
much less; at higher trims the towing force increases rapidly with the 
trim. 


No abrupt change is apparent in either the data or the behavior 
of the model at or near zero draft, and the draft at which the model 
contacts the water is not definable. 
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TABLE I 

DATA SHOWING TOWING FORCE AND TRIMMING MOMENT 
FOR VARIOUS SLOT HEIGHTS AND PLATE ANGLES; 
SPEED, 70 FPS; TRIM, 1.2°; 12. 7 - POUND 
STATIC THRUST - NACA MODEL 171A-2 


Slot 

height 

(in.) 

Plate 

angle 

(deg) 

Gross 

load 

(It) 

Towing 

force 

dt) 

Trimming 

moment 

(ft-lb) 

8 

20.5 

75 

- 0.9 

-63.7 

a 

8 

20.5 

lt-5 

- 2.0 

- 60.7 

i 

19-5 

60 

- 1.8 

-50.3 

1 

8 

16.4 

45 

- 2.9 

-4-2.9 

1 

15-3 

45 

- 2.7 

-50.3 

1 

15-3 

60 

-•8 

- 66.0 

% 

14-3 

45 

-2 .8 

- 45-2 

ll 

4 

13-2 

45 

-2.9 

-32.4 
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TABLE II 

MODEL AND FULL-SIZE PERFORMANCE FEATURES - NACA MODEL 171A-2 


Conver- TeBt condition A Test condition B Test condition C 

sion I 1 : | 

factors | Model 1 Full size j Model i Full size Model | Full size 


Length, ft 


Beam, ft 


Load, lb 

Speed, fps 

Thrust, lb 

Thrust horsepower 

Ideal propeller efficiency, 
percent 

Estimated actual propeller 
efficiency, percent 

Estimated horsepower Input 

Total resistance, lb 

Draft, ft 

Trimming moment, lb -ft 

Pressure in tunnel, 

orifice no. 2, Ib/sq ft 


9.2 

92 

9.2 

9 2 

9.2 

92 

0.92 

9.2 

0.92 

9.2 

0.92 < 

■ 9-2 

75 

75,000 

45 

45,000 

15 ! 

15,000 

65 

206 

42 

133 

55 

174 

12.8 

12,800 

8.1 

8,100 

7.0 

7,000 

1.51 

4,840 

0.62 

2,000 

1 

0.70 

2,200 

65.4 

65.4 

58.3 

58-3 

69.8 

69.8 

57 

57 

51 

51 

61 

61 

2.65 

8,480 

1.21 

3,870 

1.15 

3,680 

12.8 

12,800 

8.1 

8,100 

7-0 

7,000 

0.087 

| 

O.87 

0.092 

0.92 

-0.002 

-0.02 

-68.7 

-687,000 

-53 •& 

-536,000 

-23.6 

-236, 0( 

7.4 

74 

3*4 

34 

-1.4 

-14 
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Speed, fps 


(b) Lowpower condition. 
Figure 5.- Concluded. 
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(b) Low-power condition. 
Figure 6.- Concluded. 



Trimming moment, lb-ft 
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Speed, fps 


(a) High-power condition. 

Figure 7.- Variation of trimming moment with speed. Model 171A-2. 


Triuming moment, lb- ft 
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(b) Low-power condition. 
Figure 7.- Concluded. 


Towing force, lb Total lift, lb 
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Draft, inches 



Draft, inches 

Figure 8.- Variation of towing force and towing lift with draft; high-power 

condition. Model 171A-2. 
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O Constant load, 75 11) 

□ Constant load, 30 11) 

A Constant draft, -3 in. 

O Tunnel bottom and slot sealed 

Port motor, plain symbols 

Starboard motor, tailed symbols 



Figure 9.- Variation of power input to motors with speed. Model 171A-2. 
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Figure 10.- Variation of thrust (propeller shaft tension) with speed. 

Model 171A-2. 
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Total resistance, lb Gross load-total resistance ratio 
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Speed, fps 



Speed, fps 


(b) Low-power condition. 
Figure 11.- Concluded. 


Total resistance lb Draft, in, 


NACA KM No. SL8G02 



High power condition 

Low power condition 



Speed, fps 


Figure 12. - Comparison of total resistance and draft for two values of static 

thrust. Model 171A-2. 






